The Weather Research and Forecasting (WRF) model version 3.7.1, is coupled with its 15 hydrological modeling extension package (Hydro) and used in this study to assess the impact on 
Introduction

33
Changes in rainfall patterns directly impact hydrological processes overall and particularly the 34 timing and magnitude of floods. In order to produce reliable flashflood warnings, accurate 35 predictions of precipitation timings and amounts, along with its impact of resulting runoff are 36 needed. However, discrepancies are always reported when forecasting precipitation using numerical 37 weather prediction (NWP) models, which are then magnified in flashflood forecasts when simulated 38 rainfall is used to drive a hydrological model [1] [2] [3] . Standard hydrological models are usually driven 39 by outputs from radar, rain gauge, and remote sensing or NWP-simulated precipitation. However,
40
such products come with coarse spatial resolution and fail to capture rainfall structures forced by 41 mesoscale orography and land surface interactions, which are prevalent across the Arabian 50 overview of the initial phases of the WRF project.
51
A limited number of studies utilizing the WRF model focused on areas in the Middle East region. 52 Awad, et al. [11] summarize the achievements of the UAE Air Force and Air Defense in the use of the
53
WRF model, where a local operational suite was developed for predicting weather numerically over 54 the Middle East region generally, and the Arabian Peninsula and UAE areas specifically. The work 55 was complimented with the WRF data assimilation module, which was set to utilize high resolution 56 local observational networks such as automatic weather stations, in addition to radar data. El Afandi, 57 et al. [12] simulated heavy rainfall events in the Sinai Peninsula using WRF, for the purpose of 58 exploring how early warnings could be issued for flashflood events for risk minimization. They 
63
Elimination (QNSE-EDMF) scheme showed the highest agreement with an RMSE and bias of 14.65% 64 and -6.3%, respectively, while the remaining schemes showed comparable performance. Their results
65
showed warm temperature biases in the morning and better agreement with in situ observations at 66 higher altitudes and dry starting conditions.
67
The enhanced WRF Hydrological modeling extension package (WRF-Hydro) has shown 68 improvement in prediction capabilities of hydro-meteorological forecasts using numerical prediction 69 tools when tested over other regions with climate conditions different from those observed in the
70
Middle East [14] . It has been used for flashflood prediction, land-atmosphere coupling studies,
71
regional hydroclimate impacts assessment, and seasonal forecasting of water resources [15] .
72
Flashflood predictions using the WRF-Hydro model have been applied across the United States [16- 73 18] and various parts of the world, including the Mediterranean and Middle East regions. Fiori, et al. 
74
[19] analyzed the convective system responsible for an extreme flashflood event that occurred in Yucel, et al. [20] 83 analyzed the potential of the WRF-Hydro modeling system for flashflood predictions. The study 
94
In a recent study, Givati, et al. [21] 
102
Therefore, the authors proposed the employment of two-way atmospheric-hydrological coupling 103 due to its potential to produce improved precipitation predictions, which translates to better 104 hydrological forecasts for early flood hazard mitigation. The proposed two-way coupling approach 105 is investigated here.
106
The present study extends the ongoing research by assessing the impacts of atmospheric-land 107 surface coupling on short-term meteorological prediction as suggested by Senatore, et al. [22] and 108 Givati, Gochis, Rummler and Kunstmann [21] . This coupling has also been explored by Silver, et al. 
109
[23] in arid environments. However, to our knowledge, such coupling has never been assessed in 110 hyper arid environments like the one observed in the UAE. The challenge that faces studying 111 hydrological processes in hyper arid regions, like the UAE, as a result of the abundance of ungauged 112 watersheds and ephemeral streams, is the lack of in situ data to properly calibrate the hydrological 113 models. We therefore focus in this study on the impact on the atmospheric simulations when the 114 hydrological process are accounted for through the online coupling. Nonetheless, we also assess the 
122
This study consists of three nested domains (see Figure 1) , with the parent domain covering the 
148
• National Center for Environmental Prediction (NCEP-GFS):
149
The initial and lateral boundary conditions of the parent domain were defined from the global 150 operational analysis and forecast products of the National Center for Environmental Prediction
151
(NCEP-GFS) at 0.5° spatial resolution and 6-hour intervals (00, 06, 12, 18 UTC). The static terrain 152 attributes and topography used in the WRF pre-processing system (WPS) were derived from United
153
States Geologic Survey (USGS) datasets [32] .
155
• The Global Precipitation Measurement (GPM):
156
The Global Precipitation Measurement mission, launched in February 2014, provides higher 157 temporal (30 minute) and spatial (0.1 arc-degree) resolution precipitation estimates through the 158 IMERG product (Integrated Multi-satellitE Retrievals for GPM). The GPM IMERG product inter-
159
calibrates, merges, and interpolates GPM constellation satellite microwave precipitation estimates 160 with microwave-calibrated infrared estimates, and rain gauge analyses to produce a higher 161 resolution and more accurate product [33] . The GPM core satellite estimates precipitation from two 162 instruments, the GPM Microwave Imager (GMI) and the Dual-Frequency Precipitation Radar (DPR).
163
More importantly for this study, the GPM radar has been upgraded to two frequencies, adding 164 sensitivity to light precipitation.
166
• The Advanced Microwave Scanning Radiometer 2 (AMSR2): 
174
The MODATML2 from Platnick, et al. [35] 
195
The Yonsei University (YSU) PBL from Hong, et al. [38] 
218
The GIS Python-based pre-processing approach from Gochis and Sampson [47] was followed to 
Statistical Performance Measures
232
The RMSE and relative BIAS methods of evaluation were implemented, with the observed value 233 representing the station measurement, or the satellite retrieval in the absence of a station observation.
234
(see equations 1 and 2). The assumption that the station observations are the true measurements may 235 not be ideal but it is widely assumed in various studies. The RMSE and rBIAS reflect the average 236 error and degree of over-or underestimation of the model output fields.
where, yest i and yoi are the estimated (simulated) and observed values, respectively, at station i, and
239
n is the number of observations.
240
The 
242
and can range between -1 to 1, where 1 is total positive linear correlation, 0 is no linear correlation,
243
and −1 is total negative linear correlation.
Results and Discussion
245
Analysis of Synoptic Conditions
246
On March 9, 2016, a low pressure system passing from the United Arab Emirates (UAE) and
247
Oman to southeastern Iran produced thunderstorms, fierce winds, large hail, and severe flooding. 
279
289
The improved performance of the coupled WRF/WRF-Hydro system compared to the 290 standalone WRF is evident across all measures in Table 2 
347
interactions noted by Lazzarini, et al. [51] . Both factors are dominant over coastal and arid regions,
348
such as the UAE, and are not fully incorporated in the current model physics. 
349
359
The heat exchange between land and atmosphere which controls the change in air temperature 360 is site specific. It should also depend on land cover conditions which defines the roughness length 361 for heat and local topography (macro roughness and surface geometry) which defines the roughness 
396
biases from WRF and WRF/WRF-Hydro, were recorded here (Table 5) . It was shown in another study
397
by Norouzi, et al. [53] that differences among land surface emissivity is higher in desert environment.
398
An uncertainty that may partially explain the bias in the simulated surface fluxes. 
Analysis of the Hydrological Processes
418
Recall that simulations were carried out in arid regions with ephemeral and ungauged rivers. In 419 the absence of streamflow and/or water level measurements, the verification of the hydrological 420 processes in this study relied on remotely sensed observations. We mainly relied on passive 421 microwave retrievals of soil moisture which are known to be more reliable and make use of well-
422
established algorithms compared to other retrievals from active microwave or thermal satellite 423 observations. Nevertheless, retrieval from passive microwave observation are relatively coarse in 424 terms of spatial resolution. They remain however relevant for regional assessments like the one 425 conducted in this study.
426 Figure 9 shows the soil moisture retrievals from ASMR2 (10 km resolution), the high-resolution 
483
Results showed reductions of 24% and 13% in RMSE and rBIAS measures, respectively, for 484 precipitation forecasts from the coupled model configuration. Furthermore, the coupled WRF/WRF-
485
Hydro system was found to outperform the ongoing GPM rainfall retrievals at some stations (e.g.
486
Abu Dhabi and Jabal Mebreh). The demonstrated improvement in coupled precipitation simulation,
487
at the local scale, greatly enhances the accuracy of hydrologic forecasts and flashflood guidance 488 systems. The deep intrinsic factors causing this improvement remain subjects of current research and
489
were not explored here [21, 22] . However, despite the more skillful forecasts of the coupled system, 490 the bias remains high (21%), which dictates the need for ongoing hydro-meteorological forecast 491 enhancement. The lead times associated with hydrologic modeling using radar rainfall inputs may 492 be insufficient due to the low response time of watersheds across the country [62, 63] .
493
The coupled system also showed improvements in global radiation forecasts (45% and 12% for 494 RMSE and rBIAS, respectively), while less significant enhancements were observed in the case of 
